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Abstract
In many European countries including Hungary, winter conditions produce disruption of traffic, as well as the increase in road 
users’ (vehicle operating, time delay and accident) costs. In most areas, the severity of winter conditions varies from year to year. 
Modern society has become more vulnerable to these effects. The primary objective of winter maintenance is to provide snow and 
ice-free conditions on the highway network. Compared with other road activities, winter maintenance is characterized by the need 
for a fast response, and by the impacts of the measures taken being short-lived. That is why scientifically based methodology 
(optimisation of winter maintenance techniques) is needed to reduce the above negative consequences. The main aim of the research 
work carried out at KTI Non-Profit Ltd, Budapest was to optimise the efficiency and the timing of salt storage and road de-icing 
policy as a function of environmental, economic and traffic safety aspects. The selected methodology, Capacitated Arc Routing
Problem helps the road managing agencies in optimising road winter maintenance fleet routing, with reduced air pollution, fuel 
consumption, in accelerating the related activities, besides in reducing road user costs significantly. In the research work performed 
several scenarios on different decentralisation levels of salt storage depots were also modelled, and investigated from environmental 
and economic view-points. The scenario on heavy de-icing vehicles of standard load capacities with a centralized depot was 
considered as standard variant, while the heavy vehicles of variable load capacities and the silos with unlimited capacities were 
also modelled. A Cost Benefit Analysis of the timing of salt depot decentralisation proved that the immediate set-up of silos is the 
most economic and efficient variant. The methodology developed can also help the local road administrations in devising their 
winter policy documents covering the related objectives, standards, intervention levels, priorities for action within the road network, 
the response times, snow clearing and salting routes, salt spreading rates, and personnel strategy.
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1. Introduction
In many countries, winter conditions cause disruption of traffic, as well as the increase in road user (vehicle 
operating, time delay and accident) costs. In most areas, the severity of winter conditions varies from year to year. 
Modern society has become more vulnerable to these effects. The primary objective of winter maintenance is to 
provide snow and ice-free conditions on the highway network. Compared with other road activities, winter 
maintenance is characterized by the need for a fast response, and by the impacts of the measures taken being short-
lived. That is why scientifically based methodology (optimization of winter maintenance techniques) is needed to 
reduce the above negative consequences. 
The main aim of the research work carried out at KTI Institute for Transport Sciences Non-Profit Ltd, Budapest 
was to optimise the efficiency of salt storage and road de-icing (salting) policy as a function of various environmental, 
economic and traffic safety aspects The mathematical methodology, CARP – Capacitated Arc Routing Problem –
gives an opportunity to the road managing agencies to optimise road winter maintenance fleet routing, with reduced 
air pollution, fuel consumption and more faster, than before, as well as resulting in less road user costs. In the research 
work, – as a Hungarian case study – several scenarios on different decentralisation levels of salt storage depot stock 
were also modelled, and investigated from environmental and economic viewpoints. The scenario on heavy de-icing 
vehicles of standard load capacities with centralized depot was considered as state-of-the-art (standard) variant, while 
the heavy vehicles of variable load capacities and the silos (depots) with unlimited capacities were modelled, as well. 
The case study identified the optimal de-icing salting route for a Hungarian county. The methodology developed can 
help the local road administrations in devising their winter policy documents covering the related objectives, standards, 
intervention levels, priorities for action within the road network, the response times, snow clearing and salting routes, 
salt spreading rates, and personnel strategy.
2. De-icing salting in road winter maintenance
Snowfall and ice endanger road users and stop economic activity. Winter service must be planned and followed up 
to ensure that roads are open and safe. Mobility and consistency are both key factors to a healthy economy and 
progressive society. Unfortunately winter weather can highly disrupt this dynamic. According to a German study, up 
to 70% of road congestion in Europe is due to the accumulation of snow and ice. Furthermore, impassable roads cost 
time, lives and money [www.de-icing].
New technologies and materials are constantly evolving in order to tackle heavy snowfall, see Götzfried  (2008). 
Continuous innovation and the burden of the ecological footprint have inspired researchers to experiment with the 
sustainable and, at the same time, efficient use of de-icing:
x Intelligent roads and Galileo & In Vehicle Information System, see Galileo (2015)
x Thermo graphical use (infrared cameras which measure the temperature on the road surface allowing for an 
immediate adjustment of the amount of de-icing products required). 
x Laser techniques optical electronically-guided measuring equipment (scanning the road surface for residues and 
recalculating the required amounts of de-icing materials that are needed to guarantee safety and performance).
De-icing is defined as removal of snow, ice or frost from a surface, see De-ice (2001). Anti-icing is understood to 
be the application of chemicals that not only de-ice, but also remain on a surface and continue to delay the reformation 
of ice for a certain period of time, or prevent adhesion of ice to make mechanical removal easier.
De-icing can be accomplished by mechanical methods (scraping, pushing); through the application of heat; by use 
of dry or liquid chemicals designed to lower the freezing point of water (various salts or brines, alcohols, glycols); or 
by a combination of these different techniques. All chemical deicers share a common working mechanism: they 
chemically prevent water molecules from binding above a certain temperature that depends on the concentration. This 
temperature is below 0°C, the freezing point of pure water. Sometimes, there is an exothermic dissolution reaction that 
allows for an even stronger melting power. The most-commonly used de-icing chemicals: inorganic salts (NaCl, MgCl, 
CaCl, KCl), organic compounds (CaMg2(CH3COO)6), CH3COOK, CHO2K, HCOONa, Ca(HCOO2), CO(NH)2,
agricultural by-products), alcohols, diols and polyols (CH4O, C2H6O2, C3H8O2, C3H8O3).
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3. Methodologies for optimizing salt routing
Winter road maintenance operations involve challenging vehicle routing problems that can be addressed using 
several – e.g. operations research – techniques, see Perrier et al. (2010). Routing trucks and specialized vehicles for 
spreading chemicals on roadways is undertaken in a very difficult and dynamic operating environment with stringent 
level of service constraints. The importance of winter maintenance operations is obvious from the magni-tude of the 
expenditures required to conduct the operations, as well as the indirect costs from the lost productivity due to increased 
mobility and from the effects of chemicals (especially salt) on infrastructure , vehicles and the environment. The 
government agencies in the United States spend over 2.3 billion USD/year for snow and ice control activities; indirect 
costs are thought to be several times larger, for example, the costs for weather-related freight delays in the US have 
been estimated at 3.4 billion USD per year, see Nixon  (2009).
While new winter road maintenance technologies are being developed and deployed on a broad basis, 
implementations of optimization models for the winter road maintenance vehicle routing remain very limited, see 
Perrier et al. (2010). Most agencies continue to design vehicle routes based on manual approaches derived from field 
experiences and they rely on static weather forecasts, see Fu et al. (2009). The limited deployment of optimization 
models for winter road maintenance vehicle routing is especially surprising given the documented successes in other 
areas of arc routing, most notably for waste management; see Sahoo et al. (2005).
The routing of vehicles for spreading operations is the problem of designing a set of routes such that all required 
sections of a transportation network are serviced by a fleet of spreaders, which may be heterogeneous vehicles 
(e.g. trucks of different capacities) based at multiple depots. Perrier et al. (2007) state that the first level of the 
classification for vehicle routing models in winter road spreading operation is composed of the following categories: 
x Problem type (is the model limited to vehicle routing only?)
x Planning level (strategic, tactical and operational?)
x Problem characteristics (road network characteristics, service hierarchy, time – or distance – limit for service 
completion, road segment service costs, service time window type, number of passes per road segments, number 
of lanes in a single pass, sectors, vehicle and  materials depots, vehicle capacities, number of routes per spreader, 
route configuration, objective)
x Model structure (integer programming models, arc routing problems, capacitated vehicle routing problem, span-
ning tree problem)
x Solution method (exact method, constructive methods, composite methods, adaptation of metaheuristics, simula-
tion used, solution method implemented)
x Instances data (real world instances, randomly generated instances, no instance used).
In the classical version of the problem, the cost associated with servicing each road segment is fixed. However, in 
the time-dependent variant in the vehicle routing problem for spreading operations, the timing of each service pass is 
of prime importance. That is, the cost to service a road segment depends on the time of beginning service. Recently, 
Tagmouti et al. (2007) a nonlinear, mixed integer program and a column generation algorithm was proposed for a salt 
spreader routing problem with capacity constraints and time-dependent service costs. Since all problem inputs are 
known in advance. Hence, the problem studied is a static problem, even though the term “time-dependent” might be 
interpreted as synonymous to “dynamic”. 
Golden and Wong (1981) introduced the Undirected Capacitated Arc Routing that considers an undirected net-
work where every edge has a nonnegative length or cost and some of the edges have a positive demand for service. In 
case of the Directed Capacitated Arc Routing Problem, the network links are directed arcs (instead of undirected 
edges) so that direction of travel is fixed, see Mourao and Almeida (2000). Compared with undirected networks, there 
is usually less flexibility (or fewer paths) to travel between any two destinations in directed networks. The Capacitated 
Arc Routing Problem (CARP) can be studied on mixed graphs, most of these inspired by operations to be carried out 
on road networks such as household refuse collection or salt spreading. Ghiani et al. (2001) states that a mixed network 
contains both arcs and edges and is therefore a much more realistic representation of a real road (street) network, while 
the other two ones mentioned before can be too simplistic. Del Pia and Filippi (2006) studied CARP considering 
mobile depots e.g. in case of road marking painting.
Evans and Weant (1990) emphasize that the waste majority of the operations research literature on vehicle routing 
for spreading considers the routing problems alone. Just few of them combine vehicle routing and other tactical or 
strategic problems in winter road maintenance, such as sector design of the location of depots for vehicles or materials. 
These integrated models generally adopt a longer-term perspective at the strategic or tactical level, although some 
pure routine models also incorporate a more strategic view. An example of dynamic spreader routing given by Handa 
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et al. (2005) allows new routes to be developed each day as conditions change. This is in contrast to the real-time 
routing shown by Tagmouti et al. (2010) where vehicle routes may change during the traversal of the route as new 
information (e.g. weather information) becomes available. Recent technological developments (road weather 
information systems, weather forecasting services, geographic information systems, global positioning systems, 
electronic data interchange, intelligent vehicle-highway systems etc.), enhance the possibilities for efficient dynamic 
and real-time vehicle routing for spreading operations by providing new instructions directly to vehicle operators in 
response to sudden changes in weather and road surface conditions.
Vehicle routing problems for spreading operations are generally formulated as capacitated arc routing problems, 
where the capacity of the spreader is expressed as the maximum quantity of chemicals (usually NaCl) the spreader 
can discharge. Vehicle capacities can also be taken into consideration during the sector design process, see England 
(1982). Soyster (1974) shows a model where the capacities of vehicles are given as time limits, or as maximum 
distances which can be spread in one route. Hayman and Howard (1972) proposed a model to determine the spreader 
truck fleet size based at each depot with the possibility for spreader vehicles to refill with materials at intermediate 
facilities (depots) without returning to the original starting point.
KTI Institute for Transport Sciences Non-Profit Ltd., Budapest was commissioned by Hungarian Public Road Non-
Profit Private Limited Company (Magyar Közút Nonprofit Zrt.) to carry out a feasibility study led by Bencze and 
Gáspár (2013) for the selection of optimal country-wide distribution of de-icing salt silos (depots) and optimizing the 
time of their setting up. The main objective of the study was to minimize the national economy level costs by 
identifying the optimal number and location of salt silos in road maintenance plants and off-plants. The optimization 
effort for the efficiency of salt storage and road de-icing (salting) policy was carried out as a function of various 
environmental, economic and traffic safety aspects. The views of local road maintenance experts had been collected 
when the first combination of de-icing salt silos were identified. Besides, several alternative options were established 
for the efficiency comparison. For the feasibility study, the following indicators were selected:
x Road operational cost reduction coming from less unloaded passes
x Saving road users’ time delay and traffic operation costs
x Increased traffic safety (less accident costs) due to the shorter slipperiness of the pavement surfaces.
From the view-point of winter maintenance (snow removal and de-icing) activities, the regional road mainten-ance 
units classify their relevant road networks into three groups:
x Monitored roads with whole surface de-icing (salt spreading should start in their whole lengths in max 2-3 hours 
after revealing slipperiness)
x Roads with partial de-icing (de-icing and snow removal just on designated parts, like sharp curves, bus stops)
x “White roads” (no de-icing at all, snow removal after the completion of winter maintenance actions in the other 
two road categories).
Even if the severities of winters in Hungary can be rather different, the meteorological features of an “average” 
winter were taken into consideration:
x Condition 1, some 30% of  “slippery” days (dry surface but surface ice formation is expected soon, preventive 
10 g/m2 salt spreading)
x Condition 2, some 60% of “slippery” days (preventive 10 g/m2 salt spreading before a not intensive snowfall, later 
a repeated 20 g/m2 salt spreading combined with snow removal)
x Condition 3, days with intensive snowfall (preventive 10 g/m2 salt spreading before the intensive snow-fall, later 
several times repeated 20 g/m2 salt spreading combined with snow removals)
x Condition 4, some 10% of “slippery” days (in case of highly dangerous freezing rain, a single heavy – 40 g/m2 –
salt spreading).
It is also supposed that the pavement condition on the road sections investigated is not so poor that they do not 
arouse the speed reduction of vehicles including salt spreaders. (70 km/h was taken on wet and 40 km/h on slippery 
pavement surface for road vehicles; while 40 km/h for spreaders during salt spreading).
Bencze and Gáspár (2013) showed that the use of metal salt silos is the only realistic option, wooden salt depots 
and yurt-type small depots are not cost-efficient solutions due to increased preparatory expenses and maintenance 
costs. Table 1 shows the monthly number of the 300 hours with highest (peak) traffic volume at the “optimized” 
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location (no. of road and county) of some of the salt silos. A Hungarian research work proved that the annual 
distribution of traffic trends has not changed in Hungary during the past years in according to Holló’s (1980) study 
and the accident statistic data from nowadays. If this trend is compared with the cumulated number of slippery and 
snowy days in Hungary counties (Figure 1), the importance of winter maintenance on road network can be clearly 
highlighted.
Table 1. Winter monthly numbers of the 300-peak traffic hours by salt silos.
County No of 
road
The numbers of peak hours during winter months Total county
shareJanuary February March November December
Baranya 5831 65 42 0,36
Somogy 610 116 79 0,65
Vas 84 9 0,03
*\ĘU-Moson-Sopron 82 52 29 0,27
Zala 74 60 20 0,27
Bács-Kiskun 55 106 42 0,49
Bács-Kiskun 52 6 4 0,03
Hajdú-Bihar 47 166 130 0,99
Heves 24 30 26 31 0,29
Fejér 8 10 31 62 0,34
Somogy 7 30 7 0,12
Fejér 7 0,00
Fejér 7 38 58 21 18 0,45
Fejér 7 6 37 20 6 0,23
Pest 5 41 22 0,21
Jász-Nagykun-Szolnok 4 5 5 18 21 0,16
Borsod-Abaúj-Zemplén 3 57 23 0,27
Heves 3 67 18 0,28
Komárom-Esztergom 1 19 26 22 0,22
Country average share 0,30
Fig. 1. The cumulated number of slippery and snowy days in Hungarian counties in the area of maintenance.
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The optimal distribution of salt depots (32 ones inside and 91 ones outside district road maintenance plants) was 
investigated further after having created the following variants for cost-benefit analysis: 
x Variant 1: Installation of de-icing salt depots in 2015
x Variant 2: Installation of de-icing salt depots in 2020
x Variant 3: Installation of de-icing salt depots in 2025.
The following steps were taken for the calculation of national economy level savings coming from variants 1 to 3 
(see variants before):
x Collection of data about the winter maintenance characteristics of each regional maintenance plant
x Identifying of the present typical routes for salt spreader trucks
x Optimization of routes of salt spreader trucks
x Optimization of salt silo distribution in the territory of a regional maintenance plants (district) considering also the 
silo distribution in neighbouring districts
x Collection of road user data for each district using road data bank
x Determination of optimized salting routes in districts calculating the resulting national economy level benefits
x Calculation of saving in regional road traffic.
Table 2 presents the reduction in yearly unloaded spreader truck passes and saved yearly winter maintenance costs 
due to the optimized decentralization of de-icing salt depots in Hungarian counties.
Table 2. County-level yearly savings due to optimized distribution of salt silos.
County Saving in unloaded truck passing (km/year) Saving in winter maintenance costs (€/year) 
Bács-Kiskun 4,569 2,813
Baranya 2,944 1,813
Békés 4,995 3,077
Borsod-Abaúj-Zemplén 4,352 2,412
Csongrád 1,119 690
Fejér 4,717 2,903
*\ĘU-Moson-Sopron 3,375 2,077
Hajdú-Bihar 3,939 2,427
Heves 13,334 8,210
Jász-Nagykun-Szolnok 3,214 1,980
Komárom- Esztergom 3,037 1,870
Nógrád 11,326 6,973
Somogy 4,534 2,793
Szabolcs-Szatmár-Bereg 4,035 2,483
Tolna 5,074 3,123
Vas 4,712 2,900
Veszprém 3,436 2,117
Zala 6,094 3,753
Total 88,806 54,690
The following savings (reductions in costs) were taken into consideration as a consequence of the optimal dis-
tribution of de-icing salt silos (depots):
x Savings of the vehicle operating costs of spreader trucks due to less unloaded passes
x Less environmental costs (mainly air pollution expenses) due to the reduced mileage of spreaders
x Reduction of vehicle operating costs of road users coming from the earlier decrease of pavement surface slip-
periness
x Reduction of time delay costs of road users coming from the earlier decrease of pavement surface slipperiness
x Reduction of accident costs of road users coming from the earlier decrease of pavement surface slipperiness.
As a major national project, the setting up of 123 de-icing salt silos along the national highway network elements 
were planned (Figure 2). Capacitated Arc Routing Problem (CARP) methodology – see Fehér (2012) – was used for 
the optimization of country-wide salt depot distribution. When calculating the optimal routes for the winter 
maintenance trucks, following function was used after Perrier et al. (2010):
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ܨ = σ [ܥ௜ + (݌ݔܧ௜)]௠௜ୀ଴ (1)
where Ci the total distance travelled by vehicle i, 
           Ei the amount of salt by which vehicle i is above its capacity and 
            p the corresponding penalty parameter.
Besides, the national economy level costs during the routes of salt spreader trucks were minimized. The following 
formula was used in the cost calculation:
ܥ = ൣσ ௜ܵ௘௦௧ଵଶଷ௡ୀଵ + σ ௜ܵ
௣௔௥௠
௡ୀଵ ൧ െ ൣσ ௜ܵௌ௔௏௘௠௡ୀଵ + σ ௜ܸ
௣௔௦௠
௡ୀଵ + σ ܧ௜ௌ௔&௉௔௠௡ୀଵ + σ ௜ܶ
௣௔ +௠௡ୀଵ σ ܣ௜
௣௔௠
௡ୀଵ ൧  (2)
where C              total (national economy level)costs (HUF)
           Siest           costs of set-up and maintenance of the 123 silos for 30 years (HUF)
           Sipar          incremental costs of set-up (HUF)
           SiSaVe        savings in salt spreader truck travels (HUF)
           Vipas         savings in road users on the 25,505km-long national public road network (HUF)
           EiSa&Pa      savings from less environmental impact (HUF)
           Tipa           savings from the shorter travel time of users (HUF)   
           Ai pa          savings due to less accident (HUF)
18 silos with a capacity below 100 tons, 37 ones between 100 and 200 tons, 20 ones between 200 and 300 tons and 
48 depots above 300 tons have an estimated settling costs with silo foundations of net 9,550 million HUF (about 20 
million €). The Cost Benefit Analysis performed had the following assumptions after COWI Guidelines (2009):
x Financial discount rate: 5.0%
x Economic discount rate: 5.5%
x Common reference investigation period: 30 years between 2013 and 2042
x Maintenance -operation costs (those of energy consumption, crack repair, surface protection, replacement of 
accessories)
• No residual costs at the end of 30-year investigation period
• Net values without VAT are used.
• Costs and benefits (savings) are discounted to 2013 (are expressed in constant 2013 prices).
Fig. 2. “Optimized” location of salt silos.
Table 3. Presents the economic costs for the 3 variants, while Tables 4-6 introduce the total economic benefits coming 
from yearly savings for the 3 variants.
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Table 3. Estimated economic costs (HUF) for the three project variants.
Economic 
costs for 
Present value
(HUF)
Yearly economic costs (103 HUF) in the years of
2013-14 2015 2016-19 2020 2021-24 2025 2026-42
Variant 1 8.872 0 9,875 0 0 0 0 0
Variant 2 6,788 0 0 0 9,875 0 0 0
Variant 3 5.194 0 0 0 0 0 9,875 0
Table 4. Total economic benefits coming from yearly savings for variant 1.
Cost type 
(103 HUF)
Present value
(HUF)
Yearly savings (103 HUF) in the years of
2013-14 2015 2016-19 2020 2021-24 2025 2026-49
Spreader opera-
tional costs
232,794 0 16,407 16,407 16,407 16,407 16,407 16,407
Spreader environ-
mental costs
4,688 0 329 329 329 329 329 329
Users’ operation-
al costs
28,391,872 0 2,001,021 2,001,021 2,001,021 2,001,021 2,001,021 2,001,021
Users’ time costs 8,386,979 0 591,103 591,103 591,103 591,103 591,103 591,103
Users’ accident
costs
24,823,428 0 1,869,000 1,869,000 1,869,000 1,869,000 1,869,000 1,869,000
Total 61,839,761 0 4,477,860 4,477,860 4,477,860 4,477,860 4,477,860 4,477,860
Table 5. Total economic benefits coming from yearly savings for variant 2.
Cost type
(103 HUF)
Present value
(103 HUF)
Yearly savings (103 HUF) in the years of
2013-14 2015 2016-19 2020 2021-24 2025 2026-49
Spreader operation-
al costs
165,143 0 0 0 16,407 16,407 16,407 16,407
Spreader environ-
mental costs
3,312 0 0 0 329 329 329 329
Users’ operational
costs
20,141,040 0 0 0 2,001,021 2,001,021 2,001,021 2,001,021
Users’ time costs 5,949,677 0 0 0 591,103 591,103 591,103 591,103
Users’ accident
costs
18,812,198 0 0 0 1,869,000 1,869,000 1,869,000 1,869,000
Total 45,071,370 0 0 0 4,477,860 4,477,860 4,477,860 4,477,860
Table 6. Total economic benefits coming from yearly savings for variant 3.
Cost type
(103 HUF)
Present value
(103 HUF)
Yearly savings (103 HUF) in the years of
2013-14 2015 2016-19 2020 2021-24 2025 2026-49
Spreader operation-
al costs
112,136 0 0 0 0 0 16,407 16,407
Spreader environ-
mental costs
2,249 0 0 0 0 0 329 329
Users’ operational 
costs
13,676,297 0 0 0 0 0 2,001,021 2,001,021
Users’ time costs 4,039,988 0 0 0 0 0 591,103 591,103
Users’ accident
costs
12,773,978 0 0 0 0 0 1,869,000 1,869,000
Total 31,204,648 0 0 0 0 0 4,477,860 4,477,860
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Next, the following economic performance criteria were calculated for the 3 variants:
x Net Present Value (NPV): the difference between the present value of cash inflows and the present value of cash 
outflows. Its formula: 
ܸܰܲ(݅,ܰ) = σ ோ೟(ଵା௜)೟
ே
௧ୀ଴ (3)
         where  Rt = net cash inflow during the period t
      i = discount rate, and
                      t = number of time periods.
x Internal Rate of Return (IRR): the "annualized effective compounded return rate" or rate of return that makes the 
net present value of all cash flows from a particular investment equal to zero. It can also be defined as the discount 
rate at which the present value of all future cash flow is equal to the initial investment.
ܸܰܲ = σ ஼೙(ଵା௥)೙
ே
௡ୀ଴ (4)
x Benefit Cost Ratio (BCR): the ratio of the benefits of a project or proposal, expressed in monetary terms, relative 
to its costs, also expressed in monetary terms. All benefits and costs should be expressed in dis-counted present 
values. The benefit-cost ratio (BCR) is calculated as the NPV of benefits divided by the NPV of costs:
BCR =
෍ ಳ೟(భశೝ)೟
ೝ
೔సభ
෍ ಳ಴೟(భశೝ)೟
ೝ
೔సభ
(5)
         where BCR    Benefit Cost Ratio
                    Bt         Benefit in time t
                     Ct    Cost in time t
                      r          Discount Rate.
x Time of return 
    Table 7 shows some economic performance criteria for the 3 variants investigated.
Table 7. Economic Performance Criteria for 3 variants.
Criteria Variant 1 Variant 2 Variant 3
Total discouted costs (106 HUF) 8,872 6,788 5,194
Total discounted benefits (106 HUF) 61,840 45,071 31,205
ENPV (106 HUF) 52,968 38,283 25,411
IRR 41,6% 37,6% 33,8%
BCR 6.97 6.64 6.01
ITR  (year) 4,3 4,5 5,0
It is obvious from economic performance criteria in Table 7 that Variant 1 (setting up of salt silos in 2015) can be 
considered as economically optimal.
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